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Abstract 
AlN and ZnO films with high c-axis orientation of the crystallites perpendicular to the film 
plane have been deposited using a DC planar magnetron type of reactive sputtering. For AlN 
films, the deviation angle in the rocking curve of (002) plane depended mainly on the energy of 
sputtered particles with high energy at low working gas pressure. On the other hand, for ZnO 
films, the deviation angle depended strongly on the substrate temperature because the energy 
of sputtered particles passing through the ambient gas with diffusion at high working gas 
pressure was rather low. The degree in c-axis orientation of films depended on the total energy 
corresponding to both the energy of sputtered particles and the temperature of the substrate 
surface. 
Introduction 
Film deposition by means of sputtering method is one of the rapid quenching processes with 
very interesting phenomena as well as many practical applications. Structure and properties 
of films deposited by sputtering may depend much on the substrate temperature Ts and the 
energy of the hot particles which are ejected from target and arrived to the surface of substrate 
and growing films. Therefore, it is important to clarify the relationships between them in order 
to prepare films with excellent characteristics. 
In this study, AlN [1,2] and ZnO [3,4] films have been deposited by DC magnetron sputtering. 
The films with excellent c-axis orientation of crystallites may be promising as piezoelectric 
elements [5,6]. The dependence of the dispersion of c-axis orientation on Ts and the working 
gas pressure for AlN and ZnO films have been investigated in detail. 
Experimental 
The specimen films of AlN and ZnO were deposited using a DC planar magnetron type of 
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reactive sputtering apparatus as shown schematically in Fig. 1. In this apparatus, HM, magnetic 
field generated by a Sm-Co permanent magnet attached to the center pole of the magnetic yoke 
was 300 Oe. For helping ionize a reactive gas in the vicinity of the target plane, HE, magnetic 
field generated by the solenoid coil arranged outside of the cylindrical quartz chamber was 
applied [7]. HE was 100 Oe in the direction from the substrate to the target measured at the 
outer edge of the target surface. The direction of HM is orthogonal to that of HE. 
The targets were an Al and Zn metal disks gas 
of 99 . 99 % in purity, 70 mm in diameter and 5 
mm in thickness. After the chamber was evacu· 
ated to the background pressure of 0.008 mTorr, 
the reactive gas was introduced into the chamber. 
Both nitrogen and oxygen gases of 99 . 999 % and 
99 . 99 % in purity, respectively were used as re­
active ones. 
Sputtering conditions are listed in Table 1, 
where PNz and Poz denote the working gas 
pressures of nitrogen and oxygen, respectively. 
The specimen films with thickness 8 of 3.5-6 
,urn were deposited on glass slide substrates. Ts 
was measured at the substrate surface by using 
a chromel-alumel thermocouple. The crystal 
structure and preferred orientation of the crystal­
lites in the films were analyzed by X-ray dif­
fractometry with Cu-Ka radiation. The dis­
persion of c-axis orientation of crystallites was 
estimated from the rocking curve of (002) plane. 
Results and discussion 
Figure 2 shows the dependence of the depo­
sition rate Rn on the working gas pressure PN2/ 
P02 for AlN and ZnO films. Rn for AlN films 
was constant at 1. 25 ,um/hr even if PN2 increased 
in the range from 0.001 to 0.015 Torr but it de­
creased steeply to 0.1 ,um/hr with further in­
crease of PNz· Any deposit was not detected on 
the substrate at PNz above 0.15 Torr. On the 
other hand, Rn for ZnO films gradually decreased 
from 9 to 2 .  5 ,um/hr with increasing P 02 in the 
range from 0. 05 to 0 . 6 Torr. In the case of the 
distance between target and substrate d of 17 
mm, Rn for AlN films was about 2 ,um/hr at PNz 
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Fig. 1 Schematic diagram of the magnetron 
sputtering apparatus used in this study. 
Table 1 Sputtering conditions 
film 
target 
ambient gas 
input power 
AIN ZnO 
AI 
N, 
120 
Zn 
0, 
150 
working gas pressure: PN,/Po, (Torr) 0.001-0.15 0.05-0.6 
target-substrate distance : d (mm) 
substrate temperature : Ts ("C) 
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Fig. 2 Dependence of deposition rate Rn on 
working gas pressure PN2/Po2 for AlN 
and ZnO films. 
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of 0.006 Torr. At the same working gas pressure, R0 for ZnO films was higher than that for 
AIN films, since the input power P1 was larger and d is shorter. This may be attributed also to 
the differences in the sputtering yield between AI and Zn metal targets and the states of target 
surfaces, that is, AIN and ZnO layers formed on them. 
Figure 3 (a) shows the X-ray diffraction diagrams for AIN films deposited at PN2 of 0.006 
Torr and Ts of 300 'C and ZnO ones deposited at P02 of 0.2 Torr and Ts of 250 'C. The crystal 
structure of both films did not change so remarkably with PN2/P02 and Ts. Most of both 
films were composed of hcp lattice crystallites with preferential c-axis orientation perpen-
dicular to the film plane. Figure 3 (b) shows Zn0(002) 
typical roeking curves of (002) planes, which AlN(002) 
represent the c-axis dispersion around the normal 
to the film plane. It was also confirmed in this 
study that the rocking curve is the best-fit 
Gaussian as well known [8]. As the deviation 
angles a were small for AIN and ZnO films, the 
c-axis of hcp lattice seemed to be highly oriented 
perpendicular to the film plane. 
Figure 4 shows the dependence of the devi­
ation angle a on PN2/P02 for AIN and ZnO films 
deposited at Ts of 300 'C. AIN films with evi­
dent c-axis orientation perpendicular to the film 
plane have been deposited at PNz of 0. 001-0.15 
Torr. a for AIN films varied in the range from 
2 .  8 to 6'. On the other hand, ZnO films de­
posited at P02 of 0.1-0.5 Torr also show the 
evident c-axis orientation perpendicular to the 
film plane. a for ZnO films varied in the range 
from 1. 2 to 3. 5'. ZnO films with most excellent 
c-axis orientation have been deposited at Poz of 
0.2 Torr. 
Figure 5 shows the dependence of a on Ts. 
AIN films deposited at PH2 of 0.006 Torr and 
ZnO ones deposited at Poz of 0.2 Torr were in­
vestigated for typical examples because a were 
small. ZnO films had smaller a than AIN ones. 
a for ZnO films decreased with increasing Ts. 
On the other hand, a for AIN films were rahter 
large and independent of Ts. These relation­
ships between a and Ts for both films were sig­
nificantly different each other. Therefore, the 
dependence of these differences on several 
sputtering parameters have been discussed theo-
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Fig. 3 X-ray diffraction diagrams (a) and 
rocking curves of (002) planes (b) for 
AlN and ZnO films. 
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Fig. 4 Dependence of deviation angle a on 
working gas pressure PNz/Poz for AlN 
and ZnO films. 
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retically. 
Figure 6 shows the dependence of the calcu­
lated energy Es of sputtered particles on the 
distance L from target plane during the depo­
sition of AlN and ZnO films, where Eo and T c 
denote the value of Es at the target plane (L=O), 
and the gas temperature, respectively. Es de­
creased steeply with increasing L and PN2/P02• 
The sputtered particles may lose considerable 
amount of kinetic energy while passing through 
the reactive gas at higher PN2/P02• Es during 
deposition of AlN and ZnO films were estimated 
to be about 5 X 104 and 500 OK, respectively. AlN 
films seemed to have 100 times larger Es than 
ZnO films. 
Figure 7 shows the calculated relationship 
between P x D and N IN 0 while depositing AlN 
films, where P, D and N/No denote the gas 
pressure, the distance between target and 
substrate and the ratio in number of particles 
arrived at the substrate plane to sputtered parti­
cles. In this figure, P X D for AlN films is about 
0. 021 Torr-em. AlN films may be deposited in 
the collision region. On the other hand, P X D 
for ZnO films is about 0.34 Torr-em. ZnO films 
may be deposited in the diffusion region. For 
ZnO films, the calculated values of P X D seemed 
to be significantly different from one shown in 
Fig. 7, 
It has been found that for AlN films, a de­
pended mainly on Es in the range of high energy, 
while for ZnO films, a depended strongly on Ts 
because Es was so low that the sputtered parti­
cles pass through the gas with diffusion. There­
fore, the degree in c-axis orientation of films 
depended on the total energy corresponding to 
both Es and Ts on the substrate surface. 
Conclusion 
The specimen films of AlN and ZnO with 
excellent c-axis orientation perpendicular to the 
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Fig. 7 Calculated relationship between P X D 
and NINo for AlN films. 
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film plane may be prepared by depositing adatoms with high mobility on the substrate surface 
at lower gas pressure and higher substrate temperature in order to suppresss extremely the rapid 
quenching effect on substrate surface in magnetron sputtering. 
This paper was presented · on the 7th International Conference on Rapidly Quenched 
Materials, held in Stockholm, Sweden, August 13-17, 1990. 
References 
[1] A.J.Noreika, M.H.Francombe and A.Zeitman: J.VaccSci.Tech., 6, 194 (1969). 
[2] F.Takeda, T.Mori and T.Takahashi: Jpn.].Appl.Phys., 20, Ll69 (1981) . 
[3] Y.Kikuchi, N.Chubachi and H.Sasaki: IEEE Trans., SU-16, 200 (1969) . 
[4] T.Hata, E.Noda, O.Morimoto and T.Hada: Appl. Phys. Letters, 37(7), 633 (1980). 
[5] T.Shiosaki, T.Yamamoto, T.Oda and A.Kawabata: Appl. Phys. Letters, 36, 643 (1980). 
[6] T.Yamamoto, T.Shiosaki and A.Kawabata: J .  Appl. Phys., 51, 3113 (1980). 
[7] T.Takahashi, F.Takeda and M.Naoe: MRS Symposium Proceedings, 167, 227 (1990). 
[8] M.Minakata, H.Chubachi and Y.Kikuchi: Tech. Rep. IECE Japan. Joint meeting of pro­
fessional group, US73-37, 25 (1973). 
- 47-
